Suppressors of cytokine signalling: SOCS.
The mechanism of positive regulation of cytokine signalling pathways has been well investigated, whereas our knowledge of negative regulation is relatively sparse. Here we review recent literature on important negative regulators: the family of suppressors of cytokine signalling, SOCS, consisting of eight members (SOCS-1 to SOCS-7 and CIS) all sharing a central SH2 domain and a C-terminal SOCS box. Expression of CIS, SOCS-1, SOCS-2 and SOCS-3 is induced by various cytokines, and overexpression studies in various cell lines have demonstrated their inhibitory roles. These family members have been implicated in the negative regulation of several pathways, particularly the JAK/STAT pathway, and since this signalling pathway is responsible for their induction, they form part of a classical negative feedback circuit. To date, at least three different modulating mechanisms have been demonstrated: through the SH2 domain they bind to phosphotyrosines on the target protein, leading to inhibition of signal transduction by N-terminal inactivation of JAK, by blocking access of STAT to the receptor sites, or by SOCS box-targeting bound proteins to proteasomal degradation. In gene modification studies in mice, it has been demonstrated that SOCS-1 plays an important role in IFNgamma-regulation and T-cell differentiation, while SOCS-2 seems necessary for normal growth regulation. SOCS-3(-/-) mice die during embryogenesis for a reason still not fully understood, but insufficient control of fetal erythropoiesis or defects in placental development may be involved. The physiological role for the other family members, as well as their molecular regulation mechanisms, remain to be revealed.